A novel OFDM transceiver is designed and demonstrated in this work for optical access uplink and downlink transmission applications using continuous phase modulation (CPM) and demodulation. Electronic OFDM-CPM signals are offline generated by an arbitrary waveform generator (AWG) and a single-arm Mach-Zehnder modulator is used to generate optical OFDM-CPM signals. The result show the transmission and reception performance of optical signals with OFDM-CPM transceiver after transmission over SMF-28 is good.
Introduction
Recently, are many research groups have demonstrated optical orthogonal frequency division multiplexing (OFDM) signals can be widely applied in high speed optical transmission system and flexible configuration optical access networks [1] [2] [3] [4] . Adopting optical OFDM signals, not only high spectral efficiency (SE) can be achieved, but also we can obtain good performance against chromatic dispersion (CD) and polarization mode dispersion (PMD) using digital signal processing (DSP). Currently, the OFDM has been regarded as an excellent candidate to be used in optical access system. The reason is the optical fiber is been widely used as the uplink and downlink transmission media and OFDM optical access system can support different communications services. Hence, the design of OFDM transceiver has attracted much attention in both industry and academia. For example, researchers are working on the OFDM development of next generation passive optical network (PON) and radio over fiber system (RoF).
Moreover, upgradeability, and cost-effective configuration, and the design of optical OFDM access system architecture is expected to be compatible with commercial access system without any change of optical line terminal (OLT) and optical networking unit (ONU) configuration to serve various users, which is shown in Fig.1 [5] [6] [7] . Especially, OFDM technique is been adopted in optical access system has other advantages compared to common technologies: (1) As we know, as a high spectral-efficiency modulation format, OFDM signals are generally generated by MQAM or MPSK coding, which possibly causes discontinuous phase transition between the adjacent symbols after transmission.
Hence, the digital signal processing (DSP) at receiver is complex and unstable.
The binary minimum shift keying (MSK) is one special form of continuous phase modulation (CPM), has the property of decaying fast side-lobe compared with other modulation. While using CPM as the coder for OFDM generation, we can mitigate the effect of phase noise and carrier frequency offset, and thus reduces the inter-carrier interference (ICI) that caused by other reasons. In this work, we experimentally demonstrate novel subcarrier OFDM-CPM bidirectional transceivers in the full-duplex optical access system. In the above system, of terminal is amplified through an erbium-doped fiber amplifier (EDFA) for compensating the downlink attenuation and split into one ONU part.
System Configuration and Analysis
After transmission over 25km standard single-mode fiber (SMF-28),
OFDM-CPM signals from the OLT are split into different ONU parts. As shown in Fig.3 , the adopted ONU terminal has two parts, one is the downstream reception part and the other is OFDM-CPM upstream signals re-modulation part.
In the downstream reception part, the generated 40GHz subcarrier carrying 2.5Gb/s OFDM-CPM downstream signal is filtered by one fiber Bragg grating (FBG) and then detected by O/E conversion via a PIN PD with a 3-dB bandwidth of 60 GHz. The converted electrical OFDM-CPM signal is amplified by an RF amplifier with a bandwidth of 2.5GHz centered at 40GHz. An electrical local oscillator (LO) signal at 40GHz was generated and we adopted it and a mixer to down-convert the electrical mm-wave OFDM-CPM signal. The down-converted 2.5Gb/s OFDM-CPM downstream signal is detected after passing low passing filter (LPF). In OFDM-CPM upstream signals re-modulation part, the central carrier of the received optical OFDM-CPM signal frequency is filtered out through one optical filter and then used to be re-modulated by upstream signals.
Results
558 Fig.4 and Fig.5 show the corresponding constellation diagrams after downlink and uplink transmission. It is clear to see, the constellation track curves show the OFDM-CPM signal has the property of phase continuity and this feature will reduce the complexity of transceiver design and DSP at the OLT and the ONU.
Furthermore, the constellation track curves after uplink transmission are worse than after downlink transmission because the receiver sensitivity degradation of uplink OFDM-CPM signals. 
Summary
We have proposed and experimentally demonstrated a novel scheme to set up a bidirectional transceivers system with 2.5Gb/s OFDM-CPM signals. 
